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We present the spectrum and decay constants of heavy-light mesons in four different channels:
pseudo-scalar, vector, scalar and axial vector. We extend the framework for our previous analysis
in a unified symmetry-preserving Schwinger-Dyson equations (SDE) treatment of a vector×vector
contact interaction. Despite the simplicity of our model, the results found for the meson masses are
in good agreement experimental data and earlier model calculations based upon Schwinger-Dyson
and Bethe-Salpeter equations (BSEs) involving sophisticated interaction kernels.
PACS numbers:
I. INTRODUCTION
Comprehensive studies on heavy-light mesons are an
important piece to completely understand QCD. Due to
the presence of different quark masses inside these states,
they might depict a bridge between the regime of chiral
dynamics and heavy quarks symmetries [1, 2]. However,
due to their complexity, an extensive study of these sys-
tems has been neglected by most of the works in the-
oretical hadron physics with the Schwinger-Dyson and
Bethe-Salpeter Equations (SDBSE) approach [3–15].
We use a contact interaction (CI) model that appeared
as an alternative to conduct exploratory studies on QCD
within the SDBSE approach [16–20]. In this model,
quarks interact not via mass-less vector-boson exchanges,
but instead through a symmetry preserving vector-vector
contact interaction. This interaction is embedded within
the SDBSE approach in the rainbow-ladder approxima-
tion, implement confinement through a proper time reg-
ularization scheme [21].
This interaction provides a good description of light
ground and excited states meson and baryon spectra [16–
20], and heavy quarkonia [22, 23]. The results derived
from the CI model are quantitatively comparable to those
obtained using sophisticated QCD model interactions, [8,
24–26].
In this work, we present one the first steps towards
the study of heavy-light systems by the contact interac-
tion model. Our results are a direct application of this
model in the heavy sector [22, 23, 27]. We calculate the
heavy-light mesons spectra and compare them experi-
mental data and other covariant model setups [28–31].
This paper is organized as follows: in Section II we give
the minimum details necessary to the SDBSE approach
to study mesons, we describe briefly the contact interac-
tion in the rainbow-ladder approximation. Furthermore,
we present an unified CI model framework to study light,
heavy and heavy-light mesons. In Section III, we depict
our results for the mass spectrum of heavy-light mesons
that can be calculated with our scheme. Finally, in Sec-
tion IV, we state our conclusions.
II. DSBSE APPROACH IN A CONTACT
INTERACTION MODEL
Since this work is a direct application of the unified
CI model presented in Ref. [23], we only sketch the ba-
sic formulae. The complete description of this model is
found in Refs. [20, 22, 23].
A. Contact Interaction Model
The DSBSE approach solves the bound-state problem
in terms of their building blocks (quarks) and their inter-
actions with gluons. In order to solve the meson bound
state equation, we need to know the quark propagator,
the gluon propagator and the quark-gluon interaction.
In the contact interaction model, we assume that the
quark-gluon interaction is led by symmetry-preserving
vector×vector contact interaction; here, quarks are at-
tached through the interaction defined as
g2Dµν(k) =
4piαIR
m2g
δµν ≡
1
m2G
δµν , (1)
Γaµ(p, q) =
λa
2
γµ, (2)
where mg = 800MeV is a gluon mass scale generated dy-
namically in QCD [32], and αIR is the CI model parame-
ter, which can be interpreted as the interaction strength
in the infrared [33, 34].
With this interaction, we obtain a constant mass func-
tion. Because the integrals we need to solve are divergent,
we adopt the proper time regularization scheme [21], and
we introduce the parameters τIR and τUV as infrared and
ultraviolet regulators, respectively. A nonzero value for
τIR ≡ 1/ΛIR implements confinement [35]. Since the CI is
2nonrenormalizable theory, τUV ≡ 1/ΛUV becomes part of
the model and therefore sets the scale for all dimensional
quantities.
The next step in our setup is to solve the Bethe-
Salpeter Equation (BSE) to obtain. The solution of
the BSE, the Bethe-Salpeter Amplitudes (BSA), is com-
bined with the quark propagator in the interaction ker-
nel. Namely, the homogeneous BSE in an explicit JPC
channel is [36–38],
[ΓH(p;P )]tu =
∫
d4q
(2pi)4
Ktu;rs(p, q;P )χ(q;P )sr , (3)
where χ(q;P ) = Sf (q+)ΓH(q;P )Sg(q−) is the Bethe-
Salpeter wave-function; q+ = q+ ηP , q− = q− (1− η)P ;
η ∈ [0, 1] is a momentum-sharing parameter, p (P ) is
the relative (total) momentum of the quark-antiquark
system; Sf is the f -flavor dressed-quark propagator;
ΓH(p;P ) is the meson Bethe-Salpeter amplitude (BSA),
where H specifies the quantum numbers and flavor con-
tent of the meson; r, s, t, and u represent color, Dirac
and flavor indices; and K(p, q;P ) is the quark-antiquark
scattering kernel.
B. CI model running coupling
quark αˆIR [GeV
−2] ΛUV [GeV] α Ratio
u, d, s 4.565 0.905 3.739 1
c 0.228 2.400 1.547 0.414
b 0.035 6.400 1.496 0.400
TABLE I: Dimensionless coupling constant α = αˆIRΛ
2
UV ,
where αˆIR = αIR/m
2
g , for the contact interaction, extracted
from a best-fit to data, as explained in Ref. [23]. Fixed pa-
rameters are mg = 0.8GeV and ΛIR = 0.24GeV.
In Table I we present the set of parameters used in
previous light-mesons and heavy-quarkonia studies [23].
When studying the heavy sector, a change in the model
parameters has to be done: an increase in the ultraviolet
regulator, and a reduction in the coupling strength [22].
With these parameters, we defined a dimensionless cou-
pling α guided by [39, 40]
α =
αIR
m2g
Λ2UV. (4)
The drop in α, related to its value in the light-quarks
sector, can be read off from the last column of Table I.
Indeed, α is reduced by a factor of 2.1−2.3 on going from
the light to the heavy sector, instead of the apparent large
factors listed in the second column of Table I.
Moreover, as a reminiscent of the running coupling
QCD with the momentum scale at which it is measured,
an inverse logarithmic curve can fit reasonably well the
functional dependence of α(ΛUV). The fit reads
α(ΛUV) = a ln
−1 (ΛUV/Λ0) , (5)
where a = 0.923 and Λ0 = 0.357 [23]. With this fit,
we can recover the value of the strength coupling α once
given a value of ΛUV.
III. HEAVY-LIGHT MESONS
In order to calculate mass spectra and decay constants,
we follow the expressions found in Ref. [22]. In our ap-
proach, to solve these unequal mass systems, we find ΛUV
and αIR through Eqs. 4-5 in the Bethe-Salpeter equa-
tion fitted to the pseudoscalar meson experimental mass
value. Later, with these parameters, we calculate the
other meson masses, the pseudoscalar and vector decay
constants. We use the quarks dressed masses calculated
in our previous works listed in Table II, and we consider
those mesons with quark s with the same parameters
as u and d to be consistent with Table I. We expect
the ΛUV parameter within the domain (0.905, 2.4) for
charmed mesons, (0.905, 6.4) for B and Bs mesons, and
(2.4, 6.4) for Bc mesons. Additionally, we multiply the
quark u, d s c b
Mass 367 533 1482 4710
TABLE II: Dressed quark masses (in Mev) generated dynam-
ically for the CI model defined in Eq. (1) using the parameters
enlisted in Table I.
coupling of scalar and axial-vector charmed mesons by
two distinct spin-orbit(SO) parameters,
g0
+
SO = 0.32, g
1+
SO = 0.25 . (6)
With these values, it is possible to match the mass split-
ting ma1 −mρ = 0.45GeV and mσ − ρ = 0.29GeV, the
same obtained by refined Bethe-Salpeter kernels, as de-
scribed in Ref. [41]. Morever, for the calculation of bot-
tom mesons we divide the SO parameters by an addi-
tional factor of 3 [22].
We present tables comparing different values computed
with the CI model, other SDBSE models results and ex-
perimental data when they are available.
A. D and Ds Mesons
In order to calculate the D and Ds mesons spectra, we
found αˆIR = 0.645 and ΛUV = 1.532, which are between
the light and charm region according to the second and
third column of Table I. Our results are enlisted in Ta-
ble III. Here, we compare our spectrum ofD-mesons with
experimental data and other models predictions. These
results are in excellent agreement with other data. How-
ever, decay constants predictions with different SDBSE
methods do not agree with experimental values. More-
over, its value in different studies with an slightly dif-
ferent models, present results completely different, see
3masses and decay constants [MeV]
(m,f) m
D D∗ D0 D1
Experiment [42]∗ (1864, 149) (2010, 196) 2318 2420
CI-model (1864, 267) (2068, 162) 2300 2386
CI-subtr [43] (1869, 146) (2011, 169) · · · · · ·
NST1 [28] (1850, 108) (2040, 113) · · · · · ·
NST2 [28] (1880, 183) · · · · · · · · ·
REBM [44] (2115, 144) · · · · · · · · ·
HGKL1 [31] (1868, 228) · · · · · · · · ·
HGKL2 [31] (1869, 678) · · · · · · · · ·
amplitudes
EH 4.000 0.944 0.313 0.159
FH 0.191 · · · · · · · · ·
TABLE III: Mass spectrum of ground-state D mesons. Our
results were obtained with the best-fit parameter set: αIR =
0.93pi/4.528 and ΛUV = 1.532GeV.
∗The decay constants are
from a Lattice calculation [45].
Refs. [28, 31]. This inconvenient is mainly a result of
using the rainbow-ladder approximation.
masses and decay constants [MeV]
(m,f) m
Ds D
∗
s Ds1 Ds1
Experiment [42]∗ (1968, 176) (2112, 227) 2317 2459
CI-model (1949, 228) (2157, 164) 2408 2487
CI-subtr [43] (1977, 169) (2098, 195) · · · · · ·
NST1 [28] (1970, 139) (2170, 180) · · · · · ·
NST2 [28] (1900, 194) · · · · · · · · ·
REBM [44] (2130, 176) · · · · · · · · ·
HGKL1 [31] (1872, 190) (2175, 125) 2265 2354
HGKL2 [31] (1802, 208) (2011, · · · ) 2211 · · ·
amplitudes
EH 3.477 1.000 0.302 0.155
FH 0.163 · · · · · · · · ·
TABLE IV: Mass spectrum of ground-state Ds mesons. Our
results were obtained with the best-fit parameter set: αIR =
0.93pi/4.528 and ΛUV = 1.532GeV.
∗The decay constants are
from a Lattice calculation [45].
In Table IV we compare the spectrum of Ds mesons.
Again, our predictions are in excellent agreement with
experimental values and other SDBSE calculations. A
reduction in the strange dressed mass improve slightly
the predictions [43], though our intention is to maintain
coherence with previous CI model studies [20].
B. B and Bs mesons
In order to calculate the B and Bs mesons spectra,
we found αˆIR = 0.244 and ΛUV = 2.223, which are be-
tween the light and bottom region according to the sec-
ond and third column of Table I. Table V provides the
masses and decay constants [GeV]
(m, f) m
B B∗ B0 B1
Experiment [42]∗ (5279, 131) (5325, 123) · · · 5725
CI-model (5279, · · · ) (5325, 145) 5610 5661
NST1 [28] (5270, 74) (5150, 187) · · · · · ·
NST2 [28] (5150, 187) · · · · · · · · ·
amplitudes
EH 0.773 0.822 0.076 0.041
FH 0.004 · · · · · · · · ·
TABLE V: Mass spectrum of ground-state of B mesons. Our
results were obtained with the best-fit parameter set: αIR =
0.93pi/11.969 and ΛUV = 2.223GeV.
∗The decay constants
are from a recent Lattice calculation [46].
CI model predicted B mesons mass spectrum. We notice
that the mass spectrum agrees perfectly with experimen-
tal data and other model results. Additionally, thanks
to the model simplicity, we present a value for the B0
mass, where other models still struggle to calculate that
value, and neither there are experimental data. Because
the mass difference between the experimental and our
CI-model value for B1 is 64 MeV, we expect that our B0
mass value to be around 60 MeV below a future experi-
mental value.
Despite our good predictions for the mass spectrum, we
could not calculate any pseudoscalar decay constant. We
recycled the expressions found in Ref. Bedolla:2015mpa
and we obtain imaginary numbers, however, we could
calculate the vector decay constants. We hope that this
picture will be improved in future works beyond rainbow-
ladder truncation.
masses and decay constants [MeV]
(m, f) m
Bs B
∗
s Bs0 Bs1
Experiment [42]∗ (5366, 158) (5415, 150) · · · 5828
CI-model (5364, · · · ) (5413, 148) 5701 5747
NST1 [28] (5380, 101) (5420, 113) · · · · · ·
NST2 [28] (4750, 115) · · · · · · · · ·
amplitudes
EH 0.974 0.855 0.073 0.039
FH 0.005 · · · · · · · · ·
TABLE VI: Mass spectrum of ground-state Bs mesons. Our
results were obtained with the best-fit parameter set: αIR =
0.93pi/11.969 and ΛUV = 2.223GeV.
∗The decay constants
are from a recent Lattice calculation [46].
Table VI displays the CI model predictions for the Bs
mesons mass spectrum. One more time, we realize that
the mass spectrum agrees perfectly with experimental
data and other models results when they are available.
Because the mass difference between the experimental
and our CI-model value for Bs1 is 78 MeV, we expect
that our Bs0 mass value to be around 75 MeV below a
4future experimental value.
C. Bc mesons
masses and decay constants [MeV]
(m,f) m
Bc B
∗
c Bc0 Bc1
Experiment [42]∗ (6275, 302) (· · · , 298) · · · · · ·
CI-model (6275, · · · ) (6308, 203) 6490 6518
NST1 [28] (6360, 148) (6440, 127) · · · · · ·
NST2 [28] (5830, 320) · · · · · · · · ·
FKW [29] (6354, · · · ) (6498, · · · ) 6714 · · ·
G-RHK [30] (6275, · · · ) (6334, · · · )
HGKL2 [31] (6608, 306) (6690, 273) · · · · · ·
amplitudes
EH 1.408 0.276 0.027 0.015
FH 0.003 · · · · · · · · ·
TABLE VII: Mass spectrum of ground-state Bc mesons. Our
results were obtained with the best-fit parameter set: αIR =
0.93pi/59.046 and ΛUV = 4.244GeV.
∗The decay constants
are from a recent Lattice calculation [46].
Finally, for the Bc spectrum, we found αˆIR = 0.049
and ΛUV = 4.244, which are between the charm and
bottom region according to the second and third column
of Table I.
We present our results in Table VII and see an ex-
cellent agreement with other model results in the case
of the predicton for B∗c . Additionally, from all the pre-
dictions enlisted in that table, our CI model result is
the closest of those predicted by quark models [47–69],
light-front quark model (LFQM) [70–72], reductions of
the BSE (BSR) [73–75], with the nonrelativistic renor-
malization group (NRG) [76], QCD sum rules (QCDSR)
[77–79], and lattice QCD (LAT) [80–84].
For this reason, we expect that our B∗c meson predic-
tion to be in perfect agreement with a future experimen-
tal value. While for the Bc0 and Bc0 mesons we expect
to be within to 2% below future experimental data.
IV. CONCLUSIONS
We have extended the CI model, previously employed
to calculate properties of light and heavy-quarkonia
mesons, to study the mass spectrum and decay constants
of heavy-light mesons. In the interest of study these sys-
tems, we used a fit inspired in a previous work [23]. With
this fit, we proposed and systematical scheme to calcu-
late mesons in diverse regimes: we kept the dressed quark
masses used in previous works, and then fixed the ΛUV
parameter to obtain the mass of D, B and Bc mesons
and their respective coupling strength.
For charmed mesons, we found an αIR divided by
a factor of 4.528 and increase ΛUV from 0.905GeVto
1.532GeVwith respect to light quarks parameters, so our
parameters are consistent with our inference about find-
ing them in a region between the light and charm sec-
tor. Similar values are given in Ref. [43]. For B and Bs
mesons, we divided αIR by a factor of 11.969 and increase
ΛUV from 0.905GeVto 2.223GeV. Finally, to study Bc
mesons, we divided the coupling by a factor of 59.046
and increase ΛUV to 4.244, values between the charm
and bottom parameters as we expected.
The mass spectrum for heavy light mesons is in excel-
lent agreement with experimental data and other SDBSE
results. For charmed mesons we reproduce the exper-
imental data within a 2%. We can calculate values of
scalar and axial-vector mesons, while due other SDBSE
models struggles due to the really heavy computational
calculations. For B and Bs mesons, our spectrum is
again in agreement with experimental data. We predict
a value for B0(5610)MeV, which we expect to be around
60MeV below the experimental one. We also predict a
Bs0(5701)MeV, which we expect to be around 75MeV
below experiment.
Additionally, we predicted a fully spectrum for
bottom-charm mesons. If we consider the accuracy of
our lighter mesons results, we claim that the mass of
B∗c (6308) will be very close to experiment. While the
masses of Bc0(6490) and Bc0(6518) will be below 2% the
future experimental measures.
However, on attempting to calculate the decay con-
stants for these unequal-mass systems, we found values
that do not agree with experimental data, but neither
other SDBSE results agree with them. This assures that
studies beyond rainbow-ladder approximation are needed
to a fully description of heavy-light mesons.
Finally, with the results of this work and the recent
CI model meson studies, we are able to mimic the high
momentum tail of the quark mass function determined
in the SDBSE studies on QCD [85–87]. Also, we find out
that the reduction in the coupling model is dependent
on the dressed quark masses involved in the bound-state.
In order to compare this reduction with running coupling
QCD, we fitted the contact interaction coupling with an
inverse logarithmic curve. We expect that future works
continue exploiting this feature to study baryons and ex-
otics with a variety of quarks components.
This study is part of the series of studies on heavy-
quarkonia in a contact interaction [22, 23, 27, 43], in
which we move towards a comprehensive study of mesons
and QCD by using this model. Further steps will involve
baryons and exotics.
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